Twelve stallions that had been given 0, 50 or 200 /ag testosterone propionate (TP)/kg body weight every other day for 88 days were examined for the effects of androgen withdrawal on spermatozoal production, seminal quality and libido. Although the lower dosage did not affect most of the traits studied, the higher dosage severely reduced scrotal width, spermatozoal production, the number of sperm per ejaculate, the percentage of progressively motile spermatozoa and the percentage of normal spermatozoa. These adverse effects were found to be largely reversible. By 90 days after the cessation of treatment, scrotal width, testicular weight and spermatozoal production were similar for treated and control stallions. Although the number of sperm per ejaculate remained lower for srallions given 200 gtg TP than for controls during the recovery period, the number of sperm in the extragonadal ducts was similar for all groups after 90 days of recovery. Spermatozoal motility and morphological characteristics were normal for all three groups by the end of the recovery period. Libido was not affected by TP treatment or withdrawal.
Introduction
Exogenous androgens exert a biphasic influence on the testes of many animals (Ludwig, 1950; Steinberger, 1971; . Each increase in the dosage of exogenous androgen causes a further reduction in spermatogenesis up to a certain point, beyond which each additional increase in dose stimulates recrudescence. Despite the possibility of detrimental effects on spermatogenesis, testosterone therapy has been used for stallions with poor libido. However, beneficial effects of exogenous testosterone on libido of stallions have not been demonstrated. Since such practices might impair reproductive capacity, a study was conducted to evaluate the influence of exogenous testosterone on reproductive capacity of stallions. As reported previously (Berndtson et al., 1979) , the administration of 200 pg testosterone propionate/kg body weight every other day greatly reduced testicular size, spermatozoal production, spermatozoal output and seminal quality. The reproductive capacity of 12 of the stallions from that study following the cessation of testosterone propionate treatment is reported herein.
Materials and Methods
Twenty-four stallions, 3 to 18 years of age, were given IM injections of corn oil providing 0, 50 or 200 ~g testosterone propionate (TP)/kg body weight every other day for 88 days. The stallions were handled in two replicates of 12 animals each. Pretreatment seminal collections began on April 27 or 30 for replicate 1 and on May 23 or 26 for replicate 2. These dates represent experimental day -24 for each group of stallions, respectively. Each treatment was equally balanced within each replicate. Details of seminal collection, testis measurements, behavioral characteristics and assessment of spermatozoal production by 12 stallions castrated 2 days after the last injection (day +90) have been reported (Berndtson et al., 1979) . Treatment was discontinued for the remaining 12 stallions, and post-treatment 1351 JOURNAL OF ANIMAL SCIENCE, Vol. 53, No. 5, 1981 recovery during the subsequent 90 days was assessed.
Seminal and behavioral characteristics were monitored by evaluating ejaculates taken from each stallion every other day from day +96 through +108, day +110 through +112, day +154 through +166 and day +168 through +180. Except when one period immediately followed another, spermatozoal output was stabilized before each period (Berndtson et al., 1979) , and stallions were sexually rested during the intervening times.
Total scrota] width was determined (Gebauer et al., 1974b) on 2 consecutive days by two technicians taking five measurements each. The measurements were taken at 10-day intervals beginning on days -21 and -20. All measurements taken by the two technicians on the 2 consecutive days were pooled for statistical analysis. The second of the days is identified herein as the day of measurement. The stallions were castrated on day +180. Testicular tissue was obtained for the determination of testicular and epididymal sperm reserves as described by Almquist and Amann (1961) and for quantitative histological evaluation of spermatogenesis as described by Clermont and Morgentaler (1955) . b'CMeans in the same column which bear the superscript b or e differ from the mean for day +90 (P<.05 and P<.01, respectively). Statistical levels are based on adjusted data, but unadjusted means are presented.
The stallions were castrated on day +180. The procedures by which testicular tissue was obtained for the determination of testicular spermatid reserves and epididymal reserves and quantitative histological evaluation of spermatogenesis have been described (Berndtson et al., 1979) .
Statistical Analyses. Data consisted of repeated measurements made over time on the same stallions or their semen, or single measuremerits made on tissues taken at castration. For the repeated measurements over time, analyses of variance were conducted on both unadjusted and adjusted data, with time as a factor. The adjustment consisted of subtracting the pretreatment mean for each criterion, on an individual-stallion basis, from each value, and then adding the grand pretreatment mean to the difference. Thus, analyses of unadjusted seminal or behavioral data constituted a 3 x 4 x 7 x 7 factorial arrangement with three dosages of TP, four stallions per dosage, seven periods (intervals during which semen was collected) and 7 collection days within each period. Analyses of the adjusted data constituted a similar arrangement, except that only six post-treatment periods were represented, since data from the pretreatment period were used for the adjustment. Data for morphologic characteristics were analyzed in a 3 x 4 x 6 x 4 factorial arrangement, with three dosages of TP, four stallions per dosage, six periods (days -14 through -2, +74 through +90, +92 through +108, +110 through +124, +146 through +162 and +164 through +180) and 4 evaluation days within each period. Adjusted data for total scrotal width constituted a 3 x 4 x 10 factorial arrangement, with three dosages of TP, four stallions per dosage and 10 dates of measurement (days +90, +100, +110, +120, +130, +140, +150, +160, +170 and +180). The analysis of unadjusted data constituted a similar design, except that an additional measurement, the mean for pretreatment measurements for each stallion, was included. Resuits of analyses of adjusted and unadjusted data were generally similar. Thus, except where otherwise indicated or where comparisons were made with pretreatment means, all levels of statistical significance are based on adjusted data, but unadjusted means are presented.
Data obtained from observations on extirpated tissues were subjected to analyses of variance. For an assessment of the extent to which these traits were depressed before the recovery period, data on the 12 stallions castrated on day +90 were included. Thus, the data constituted a 3 x 2 arrangement, with three dosages of TP and 2 days of castration (days +90 and +180). For all analyses, stallions were considered to be random and all other factors were treated as fixed. When significant effects were obtained in the analyses of variance, differences among individual treatment means were further tested by Tukey's W procedure or by Least Significant Difference when more than 20 means were involved in the comparison (Steel and Torrie, 1960) .
Results and Discussion
Scrotal width before treatment and during the post-treatment recovery period is summarized in table 1. On day +90, 2 days after the last injection of TP, scrotal width was similar (P>.05) for stallions that had been given 0 or 50 /ag TP/kg body weight, and for both of these groups, the values did not differ (P>.10) from the respective pretreatment means. In contrast, in stallions given 200 /ag TP/kg body weight, scrotal width decreased (P<.01) by 25.2 mm between days 0 and +90 and was less (P<.01) than that of stallions in the other groups. These relationships are similar to those reported previously for all 24 stallions on day'+90 (Berndtson et al., 1979) .
During the post-treatment recovery period (day +90 to +180), mean scrotal width decreased (P<.01) by 11.0 mm in control stallions. This decrease was anticipated since stallions had entered the nonbreeding season. Scrotal width did not decrease (P>.10) between days +90 and +180 in stallions previously given 50 gg TP/kg, although this measurement was smaller (P<.05) on day +180 than before treatment. Scrotal width increased (P<.01) by an average of 17.4 mm between days +90 and +180 for stallions that had been given the higher dosage of TP. Thus, scrotal width was similar (P>.05) for all three groups of stallions on days +170 and +180, but smaller (P<.05) for each group on day +180 than before treatment because of season. Scrotal width was restored in the 200 /ag-treated group by 90 days after the cessation of treatment.
The weights of the testes, tunica albuginea and testicular parenchyma (table 2) did not differ (P>.10) among treatment groups on day +90 or +180, and no treatment x day of castration interaction was observed (P>.10). This absence of statistical significance may have been due to the limited number of degrees of freedom in these comparisons and the large variation in testicular size among normal stallions, which could not be adjusted for by pretreatment measurements.
The influence of cessation of TP treatment on spermatogenesis is summarized in table 3. The mean number of germ cells of each type per tubular cross section was not influenced (P>.05) by level of TP or by day of castration, and no treatment x day of castration interaction was found (P>.05). However, quantitative histological techniques could not be applied to testes from two of the four stallions treated with 200 #g/kg and castrated on day +90, because spermatogenesis was severely depressed. No treatment x day of castration interaction was observed for any segment of the extragonadal ducts or for all segments combined (P>.05). The main effect of day of castration or treatment was not significant for spermatozoal reserves in the efferent ducts, caput or corpus epididymis. However, when averaged across dosage, the number of spermatozoa in the cauda epididymis (P<.01) and the total extragonadal spermatozoal reserves (P<.05) were higher on day +180 than on day +90. When data were averaged over all factors, stallions in the 50-/ag group had more spermatozoa (P<.05) in the cauda epididymis and in the extragonadal ducts than stallions in the 200-/ag group. However, for neither treated group was the value different (P>.05) from the control value. For this reason, the absence (P>.05) of treatment x day of experiment interactions must be interpreted cautiously, particularly since in nearly every segment examined, mean spermatozoal reserves for 200 gtg-treated stallions were about lO-fold greater on day +180 than on day +90. For example, the EGR in the control stallions on day +90 was 15.9 x 109, compared with 2.5 x 109 for 200 /1g-treated stallions; on day +180, the respective values were 16.1 and 19.7 • 109. These changes were consistent with those observed in other traits, such as scrotal width and spermatozoal production. Thus, we suspect that the EGR were actually increasing in 200 gg-treated stallions.
The mean numbers of sperm per ejaculate are presented in table 5. Spermatozoal output of the controls did not change significantly from day +90 through +180, but tended to decline progressively during this post-treatment period. However, spermatozoal output of control stallions was lower (P<.01) throughout the recovery period than before treatment, averaging only about one-half as much on days +168 through +180 as before treatment. These changes were attributed to the influence of season on spermatozoal production. For stallions in the 50-/~g group, spermatozoal output was lower (P<.01) from days +110 through +122 and days +154 through +166 than it was earlier in the post-treatment period. However, spermatozoal output from days +168 through +180 was similar (P>.05) to that during all other post-treatment periods. This finding was unexpected, since there were no differences in testicular size, spermatogenesis or spermatozoal output during the treatment period. Spermatozoal output was similar (P>.05) during all post-treatment periods for the 200/1g-treated stallions. Thus, no recovery was evident during the 90 days after cessation of that treatment.
When data were adjusted for differences before treatment, spermatozoal output of control stallions during days +168 through +180 was greater than that of stallions given the lower (P<.05) or higher (P<.01) dosage of TP, respectively, and spermatozoal output differed (P<.05) between the treated groups. The lower spermatozoal output of the 200/ag-treated stallions was surprising, because scrotal width, testicular weights, EGR and spermatozoal production for the three groups were similar at day +180. Since EGR are the immediate source of sperm for ejaculation, it must be concluded that similar numbers of sperm were available for ejaculation on day +180 in control and 200 /~g-treated stallions. Although the 90 days provided for recovery exceeds the minimum time necessary for the completion of spermatogenesis and epididymal transit (Gebauer et al., et al., 1974) , it is not unusual for testicular recrudescence to take longer than the minimum time . Thus, we suspect that the recovery period was slightly shorter than necessary for restoration of normal spermatozoal output. In fact, given the similarities in spermatozoal production and EGR between the control and 200 /~g-treated stallions on day +180, it seems likely that similar spermatozoal output was imminent.
The influence of TP treatment with withdrawal on seminal quality and quantity was assessed from measurements of several seminal and morphological characteristics. When averaged over all other factors, neither the total volume nor the volumes of gel and gel-free semen were influenced by these treatments (P>.10). Although most of these volumes were influenced by period, these changes were unrelated to TP treatment and withdrawal, because no treatment x i~eriod interactions were found (P>. 10).
The mean numbers of spermatozoa per milliliter of gel-free semen are presented in table 6. Spermatozoal concentration was influenced (P<.05) by day of experiment, decreasing in all groups during the trial. This decrease would reflect, at least to some extent, the influence of season. However, the results were also influenced by androgen treatment, as evidenced by a treatment x period interaction (P<.10). In contrast to the progressive decline in spermatozoal concentration in the 0-and 50-/~g groups, the number of sperm per milliliter decreased rapidly in stallions treated with 200 ~tg TP and remained unchanged (P>.05) during the subsequent recovery period. These differences resembled those observed in the number of sperm per ejaculate, and must be attributed to changes in spermatozoal production.
The pH of semen depends in part on contributions from the accessory sex glands and extragonadal ducts. The pH was not affected by these treatments (P>.10). In addition, pH was not influenced by day of the experiment (P>.IO), and no treatment • period interaction was found (P>.10). These data provide no evidence of an influence of TP treatment or withdrawal on the function of accessory sex glands.
The percentage of progressively motile spermatozoa in freshly collected semen is presented in table 7. Analyses with adjusted data indicated that treatment per se did not effect (P>.10) spermatozoal motility. However, both period (P<.025) and treatment x period (P<.05) effects were observed. Motility remained constant throughout the experiment for stallions in both the control and 50 /~g-treated groups (P>.05). Motility was severly depressed in stallions treated with 200 /ag TP (P<.01), but complete recovery occurred during the post-treatment period. It is not known whether the depression in motility due to the higher dosage of TP was associated with events occurring before or after spermatozoa had left the testes. It is possible that epididymal function was impaired.
The percentages of normal sperm during and after treatment with TP are presented in the experiment in stallions in the control and 50 pg-treated groups (P>.05). Similarly, the percentages of each specific defect, which included abnormalities of the head, midpiece or tail and the presence of proximal or distal protoplasmic droplets, also remained unchanged in these groups (P>.05). In contrast, the percentage of normal sperm decreased in stallions treated with 200/ag TP, but returned to normal by days +146 to +162 (table 8) . Similar increases in head, midpiece and tail abnormalities and proximal droplets were noted during and shortly after treatment with 200 ~tg TP. However, these morphologic characteristics were restored to normal by 90 days after cessation of TP treatment. One objective of this investigation was to assess the influence of treatment with exogenous testosterone on libido of normal stallions. There was no adverse or beneficial influence of these treatments on libido during the treatment period (Berndtson et al., 1979) . However, libido of the 12 stallions remaining intact during the post-treatment period was monitored. Season did not influence (P>.10) erection time or the time from presentation to the mare until the first mount. However, because of the change of seasons, the mean time from first mount to ejaculation incre,~sed (P<.01) from 72 sec before treatment to 482 sec by the end of the experiment. The number of mounts per ejaculate increased (P<.05) from 1.4 to 3.9. More importantly, no treatment (P>.10) or treatment • period (P>.10) effects were detected for any of these measures of behavior. The practice in the horse industry of administering androgens to stallions to promote libido is ineffective, at least for normal stallions, and is likely to impair other reproductive processes.
Since this experiment extended over about 7 months, and since many of the changes over time were influenced by season, it would be unrealistic to expect that all measures of reproductive capacity would be similar before treatment and after the recovery period. From a comparison of treated versus untreated stallions at various time intervals, it is clear that the adverse effects of TP treatment were largely reversible. Thus, we have concluded that treatment with TP, at a dosage of 50 or 200 /ag/kg every other day for 90 days, does not permanently alter the reproductive potential of stallions.
